CONTACT LENS AND METHODS OF MANUFACTURE 

Technical Field 

This invention relates to contact lenses and methods of manufacture, as well as 
orthokeratology methods for reshaping the cornea of an eye to treat visual acuity 
deficiencies. The invention further relates to methods of designing such lenses. 

Background of the Invention 

In the treatment of visual acuity deficiencies, correction by means of eyeglasses or 
contact lenses are used by a large percentage of the population. Such deficiencies include 
patients having hyperopia or being far-sighted, myopia or near-sighted patients as well as 
astigmatisms caused by asymmetry of the patient's eye. More recently, to alleviate the 
burden of wearing eyeglasses and/or contact lenses, surgical techniques have been developed 
for altering the shape of the patient's cornea in an attempt to correct refractive errors of the 
eye. Such surgical techniques include photorefractive keratectomy (PRK), LASIK (laser in- 
situ keratectomy), as well as procedures such as automated lamilar keratectomy (ALK) or 
others. These procedures are intended to surgically modify the curvature of the cornea to 
reduce or eliminate visual defects. The popularity of such techniques has increased greatly, 
but still carries the risk in both the procedure itself as well as post surgical complications. 

An ahemative to permanent surgical procedures to alter the shape of the cornea 
include orthokeratology, where a contact lens is applied to the eye to alter the shape or 
curvature of the cornea by compression of the comeal surface imparted by the lens. The 
reshaping of the cornea in orthokeratology has been practiced for many years, but typically 
has required an extensive period of time to reshape the cornea. It is also typical of 
orthokeratology treatment plans that the lenses used for reshaping of the cornea be custom 



designed and manufaptured, thereby greatly increasing the cost and compHcating the general 
use of such procedures. Further, orthokeratology lenses typically have various deficiencies, 
particularly relating to properly designing a lens for a particular patient to achieve best results 
in the treatment process. For correction of myopia, the design of prior orthokeratology lenses 
have typically included a base curve at the central portion of the lens for imparting reshaping 
pressure to the cornea. An annular zone adjacent the base curve, having a curvature being 
steeper (shorter radius) than the curvature of the base curve, is provided to transition to a 
peripheral curve used to facilitate centering the lens. This design is referred to as a "reverse 
geometry" contact lens. These curves were designed to have coaxial geometry, with the 
origin of each curve maintained on a central axis. The reverse geometry is provided to 
facilitate comfort in wearing the lens, and to promote tear flow and oxygen transmission to 
the central cornea under the base curve. The use of a first annular zone about the base curve 
with a steeper curvature allows the lens surface to be brought into a position near the surface 
of the comea in this region, from the flatter central base curve. The use of a steeper 
curvature in the first annular zone creates design problems in matching the base curve and 
peripheral curve of the lens, to provide desired reshaping as well as tear flow. 

Another deficiency of prior ortho-K lenses is found in the complexity of the designs, 
which exacerbate the fitting problems mentioned previously. In the fitting process, if there is 
an aspect of the lens design, which is not properly fitted for the desired treatment of the 
patient's eye, or causes excessive discomfort to the patient, the lens must be redesigned 
accordingly. Unfortunately, in an attempt to redesign a lens, a practitioner may affect other 
aspects of the lens due to the interdependency between design features. It would be 



worthwhile to provide an ortho-K lens having independent features, which could be easily 
modified if required to attain a proper fit in a simpler and more cost-effective process. 

Summary of the Invention 
In accordance with the present invention, a corneal contact lens is disclosed which is 
useful in changing the radius of curvature and shape of the myopic cornea into the desired 
configuration necessary for normal vision. The lens of the present invention includes a 
central zone and first annular zone located adjacent to and concentrically around the central 
zone. The two zones are integral with each other and the radius of curvature of the first 
annular or connecting zone is greater than that of the central zone. It was discovered that 
such a corneal contact lens shape is useful in changing the shape of the myopic cornea to that 
of a normally shaped cornea. In addition, such a design provides a vast amount of alternative 
methods of manufacture, and lifts the constraint of requiring the origin of the radius of 
curvature for the first annular zone curve to reside on the central axis of the central base 
curve or zone. 

As a feature of the present invention, the corneal contact lens may also include one or 
more peripheral zones, which are located concentrically around and integral with the first 
annular zone. The peripheral zone has a radius of curvature, which is greater than or equal to 
the radius of curvature of the central zone. In addition, the various dimensions of the lenses 
are designed to promote desired changes in the shape of the myopic cornea. 

Brief Description of the Description of the Drawings 

FIG. 1 is a cross-sectional, elevational view of a contact lens depicting the locations 
of the central zone, first annular zone, and peripheral zone. 



FIG. 2 is an illustration of the curvatures of both the central base curve and the 
second annular or reverse zone curve associated with an orthokeratologic contact lens. 

Detailed Description of the Invention 

A preferred corneal contact lens in accordance with an embodiment of the present 
invention is shown generally at 10 in FIG. 1. The lens 10 includes a central zone 12, at least 
a first annular or connecting zone 14, and at least one peripheral zone 16. The overall 
dimensions of the lens 10 are within the normal ranges for corneal contact lenses. The 
outside diameter of the lens 10 is typically between 5 to 20 millimeters with other diameters 
being possible. The lens may have a lateral or cross-sectional thickness of between about 
0.05 millimeters to 10 millimeters. Thicknesses in the range of 0.05 to 0.5 millimeters are 
preferred. 

In the example shown in Fig. 1, the surface has a first curvature, which may be 
spherical and defined as having a radius of curvature. Alternatively, the central zone 12 could 
be aspherical, toric, or comprised of a combination of annular spherical and/or aspherical 
zones. In the embodiment shown, the radius of curvature of the central zone 12 may be 
chosen based upon characteristics of a patients eye for which the lens 10 is being designed, 
and particularly related to the amount of correction required. The central zone 12 may have a 
radius of curvature of between about 4 to 20 millimeters. The diameter of the central zone 12 
may be between about 2-12 millimeters. Preferred ranges for the radius of curvature and 
diameter are 7 to 10 millimeters and 4 to 12 millimeters, respectively. The base curve 
provided on the posterior surface of central zone 12, although shown as spherical, may be 
aspherical as mentioned above, to impart the desired shape to the cornea for correction of 
visual defects such as astigmatism or presbyopia. In general, the radius of curvature of the 



posterior surface of central zone 12 is equivalent to the desired post treatment radius of 
curvature for the cornea that is undergoing reshaping. Typically, an orthokeratology contact 
lens is to be fitted such that pressures exerted upon the lens during lens wear are transmitted 
to the cornea, with the corneal tissue underlying the portion of the lens applying pressure 
being effectively redistributed in a desired manner. For example, the central zone 12 could 
be designed to correct myopia or presbyopia by reshaping the cornea, or designed to correct 
myopia or presbyopia without contacting the cornea, depending again on the characteristics 
of the patient's eye. The redistribution of corneal tissue causes the cornea to temporarily take 
on the radius of curvature of the posterior surface of central zone 12 to provide correction of 
visual defects based upon the present topography of the patient's cornea. The intended effect 
of the lens 10 may be to sphericize the apical corneal cap and establish a new radius of 
curvature for it. The central zone 12 may be configured to exert such pressure for reshaping 
of the cornea. 

The first annular zone or connecting zone 14 is integral with and adjacent to the 
central zone 12 in that the lens 10 may be machined or molded from a single piece of plastic. 
The first annular zone 14 forms a ring around the central zone 12. The radial thickness of the 
first annular zone 14 may be between about .2 to 10 millimeters. The first annular zone has a 
second curvature, which also may be spherical and defined by a radius of curvature. The 
radius of curvature of the first annular zone 14 may be between about 0.1 to 25 millimeters. 
The preferred ranges are from 0.2 to 5 millimeters for the radial thickness and 7 to 1 5 
millimeters for the radius of curvature. Altematively, the first annular zone 14 could be 
aspherical, toric, or comprised of a combination of annular spherical and/or aspherical zones. 



The second curvature of the first annular zone 14 is designed to be flatter than the 
first curvature of the central zone 12. In the embodiment shown, the radius of curvature of 
the annular zone 14 is greater than the radius of curvature for the central zone 12. The second 
curvature is preferably not coaxial with the central zone 12. The first annular zone 14, 
having a flatter curvature, helps position the lens centrally on the cornea and enhances lens 
wearing comfort. The use of a flatter curvature also allows transitioning between the central 
zone 12 and peripheral zone 16 in an independent manner, thereby facilitating design of the 
lens. As the curvature of the annular zone 14 is not coaxial with the curvature of the central 
zone 12, the curve 14 may be independently designed to meet the edge point of the central 
zone 12, and also to meet a second point in space, correlating to the desired beginning point 
of the at least one peripheral curve 16. A designer thus has control over both points of 
connection between the central zone 12 and peripheral zone 16, allowing more effective and 
simpHfied design or redesign activities. The design of the annular zone 14 thus allows a 
designer to adjust the curvature while connecting at a desired location, to allow adequate tear 
volume in this region. 

Further, the lateral thickness of the first annular zone 14 can be designed to be less 
than or more than that of the central zone 12. This increases the flexibility of the lens design 
to achieve desired characteristics. 

The at least one peripheral zone 16 is also integral with the central zone 12 and first 
annular zone 14 in that it is also preferably machined or molded firom the same piece of 
polymer material. More than one peripheral zone 16 may be provided if desired. The 
peripheral zone 16 may be formed with a third curvature, and could be formed with zero 
curvature, or could be spherical, aspherical or toric, or comprised of a combination of annular 



spherical and/or asphprical zones if desired. In the embodiment shown, the peripheral zone 
16 is formed as a spherical surface defined by a radius of curvature, which may be between 
about 4 to 20 millimeters. The radial width of the ring defined by the peripheral zone 16 may 
be between about 0.2 to 12 millimeters. The preferred ranges are 8 to 15 millimeters for the 
radius of curvature and 0.5 to 6 millimeters for the radial thickness. The annular zone 
curvature may also not be coaxial with the curvature of central zone 12. Preferably, the 
radius of curvature for the peripheral zone 16 will be greater than the radius of curvature for 
the central zone. 

The lens 10 can be made according to any of the known machining or molding 
processes, which allow variable radii of curvature lenses to be formed. The preferred 
procedure is to machine the lens fi:'om buttons or disks as is commonly known. The materials 
used in making the lens 10 can be any of the conventional polymers used in oxygen 
permeable hard, semi-hard and soft hydrogel corneal contact lenses. These materials include 
a variety of silicone and fluorine substituted acrylates and the soft hydrogel or silicone lens 
material used in contact lenses. If desired, the three zones 12, 14, and 16 can be made fi:"om 
the same lens material or different lens materials. 

FIG, 2 refers to an illustration of the curvatures utilized in an orthokeratology contact 
lens. The present invention includes a central base curve 12 and is shown with a line 
segment that is referred to as the lens' central axis 30. This central axis 30 begins at the apex 
32 of the central base curve 12 and terminates at point 34 and serves as a reference point for 
the center of the contact lens 10. The line segment that is bounded by points 32 and 34 
defines the radius of curvature 33 associated with the central base curve 12. Orthokeratology 
contact lenses use a flatter central base curve than that of the patient's cornea. Using 
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conventional manufaeturing processes with the curvatures of these zones being coaxial, the 
first annular zone must have a radius of curvature less than that of the central base curve 12 
in order to bring the central base curve surface of the orthokeratology contact lens back 
toward the surface of the cornea. This fact is illustrated by the radius of curvature defined by 
the straight line distance between points 38 and the apex 40 of reverse zone curve 42 which 
is less than the radius of curvature 33 of central base curve 12. The typical reverse curve 
geometry is confined to designing lenses that use curves for the first annular or reverse zone 
14 that have their origin of curvature located on the central axis 30 of the central base curve 
12. Such a constraint is not placed on the lens design according to the present invention. 
Thus, the first annular zone 14 may be embodied by a first annular curve 44 that does not 
have its origin of curvature located on the central axis 30 of the central base curve 12. In 
addition, the radius of curvature of this off-axis reverse zone curve 44 can have a radius of 
curvature that is greater than the radius of curvature of central base curve 12. 

Furthermore, the central base curve 12, and first annular curve 44 which is comprised 
of a larger radius of curvature than that of central base curve 12, can be connected together at 
the same point in space 48 as would a central base curve 12 in the typical reverse geometry 
lens, with the first annular curve 42 having a smaller radius of curvature than the central 
curve 12. The lens design according to the invention provides enhanced flexibility and offers 
the opportunity to expand the overall effectiveness of using contact lenses to treat and correct 
vision. 



